ABSTRACT: Cancer cell cytotoxicity was used to guide the isolation of nine new swinholide-related compounds, named samholides A−I (1−9), from an American Samoan marine cyanobacterium cf. Phormidium sp. Their structures were determined by extensive analysis of 1D and 2D NMR spectroscopic data. The new compounds share an unusual 20-demethyl 44-membered lactone ring composed of two monomers, and they demonstrate structural diversity arising from geometric isomerization of double bonds, sugar units with unique glyceryl moieties and varied methylation patterns. All of the new samholides were potently active against the H-460 human lung cancer cell line with IC 50 values ranging from 170 to 910 nM. The isolation of these new swinholide-related compounds from a marine cyanobacterium reinvigorates questions concerning the evolution and biosynthetic origin of these natural products.
■ INTRODUCTION
Cyanobacteria (blue-green alga) are a monophyletic bacterial phylum containing more than 60 genera with more than 400 species. 1 As a group, they are extraordinarily rich in structurally diverse and biologically active natural products. 2 Almost 500 new compounds have been isolated from cyanobacteria, 3 with peptides, polyketides, and hybrids thereof being the major representatives. Several of these natural products have inspired the development of new pharmaceutical agents, and 17 cyanobacterial-derived or inspired agents are in phase I or II drug development (in 2018) and are part of the global marine pharmaceutical clinical pipeline. 4 The swinholides represent a family of macrolide natural products having a unique dimeric 44-membered or larger lactone ring. The first example was swinholide A, originally isolated by Kashman and Carmeli from the marine sponge Theonella swinhoei in 1985. 5 However, prior to this discovery, swinholide-type natural products had also been isolated from cultured cyanobacteria. Moore et al. 6 reported in 1977 a novel monomeric macrolide, tolytoxin, from the terrestrial cyanobacterium Tolypothrix conglutinata var. colorata collected from Fanning Island. Tolytoxin showed potent cytotoxic and fungicidal properties and ultimately was found to possess a structure closely related to a monomeric half of swinholide A. In 1986, the same research group reported a series of tolytoxin-related macrolides, scytophycins A−E, from the cultured terrestrial cyanobacterium Scytonema pseudohof manni.
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The scytophycins were also structurally related to the swinholides and possessed potent cytotoxicity as well as broad-spectrum antifungal activity. In 2005, our laboratory reported two new glycosylated swinholides, ankaraholides A and B, from a Madagascar cyanobacterium of the genus Geitlerinema sp., together with swinholide A from a Fijian cyanobacterium Symploca cf. sp. 8 To date, nearly 60 closely related swinholide-type compounds have been isolated from various species of mollusks, sea hares, nudibranchs, and red and brown algae, causing the true biosynthetic origin of this class of natural products to be confusing and ambiguous. 2,3,9−11 In some cases, it is relatively clear that these metabolites are produced by associated or preyed upon microorganisms (e.g., in the cases of macroalgae or mollusks, respectively). In the case of the sponge Theonella spp., because large numbers of cyanobacteria are present in the sponge tissue, it was hypothesized that the swinholides are cyanobacterial secondary metabolites. 9 However, Bewley et al. found that swinholide A was associated with a heterotrophic eubacterial fraction rather than the separated sponge and cyanobacterial cells. 10 Subsequently, Piel et al. sequenced the biosynthetic gene cluster for misakinolide A from a metagenomic sample of Theonella sp. along with its complement of symbionts. 11 Isolation of single filaments of the proposed bacterial source of the misakinolide cluster, Entotheonella serta, followed by multiple displacement amplification (MDA) and sequencing, confirmed that it was the source organism. Matrix-assisted laser desorption ionization (MALDI) imaging as well as catalyzed reporter deposition-fluorescence in situ hybridization (CARD-FISH) analysis provided additional support for this deduction. However, the same work provided highly analogous biosynthetic gene clusters from two cultured cyanobacteria, Scytonema sp. PCC 10023 and Planktothrix paucivesiculata PCC 9631, which produce scytophycin/tolytoxin and luminaolide, respectively. The gene sequencing studies of Piel et al. clearly revealed that two distinct phyla of microorganisms have the capacity to make this class of metabolite and likely reflect a complex set of vertical and horizontal evolutionary events. 11 Recently, a study of the antifungal constituents of two freshwater cyanobacteria, Nostoc sp. UHCC 0450 and Anabaena sp. strain UHCC 0451, revealed swinholide and scytophycin-type natural products, respectively. 12 Draft genomes of these two organisms revealed the presence of trans-AT biosynthetic gene clusters responsible for production of these molecules, and they were remarkably similar in sequence and architecture to those described by Piel for misakinolide A, scytophycin, and luminaolide. A phylogenetic analysis supported their origination through Horizontal Gene Transfer events.
As a class, the swinholides possess a number of significant bioactivities. Tolytoxin was found to inhibit the growth of a wide array of fungi with MIC values of 0.25−8 nM. It also showed strong cytotoxicity toward a variety of mammalian cells at similar IC 50 values. 13 Scytophycins A and B displayed antiproliferative activity to the KB human nasopharyngeal carcinoma cell line with an IC 50 of 1.2 nM. Other swinholide-related compounds have been found to have similar cytotoxicities with IC 50 values in the low nanomolar to picomolar range. 14 The molecular target of the swinholides in mammalian cells has been determined to be actin, and at least some of these molecules exhibit nanomolarpotency binding characteristics at the same site of F-actin and G-actin. These potent biological features have thus inspired in-depth investigations of structurally diversified swinholide analogues.
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In the current study, nine new swinholide-type compounds, termed samholides A−I (1−9, Figure 1 ), were obtained from a field collection in American Samoa of the cyanobacterium cf. Phormidium sp. using a bioassay-guided isolation approach in combination with the MS 2 -based molecular networking dereplication tool. 16 Their structures were determined by extensive analysis of 1D and 2D NMR spectra, and they share a unique 20-demethyl (compared with swinholide A) 44-membered lactone ring that is composed of two monomers. Structural variations among these new compounds result from differences in the methylation and esterification patterns decorating the sugars, as well as the double-bond geometries. Cytotoxicity was evaluated using the H-460 human lung carcinoma cell line and showed that all nine were potently active with IC 50 values ranging from 170 to 910 nM. The variations in structure and attendant biological activities provide some initial structure−activity relationships (SAR) and reveal that the sugar units are important for high potency. Finally, their isolation from a marine cyanobacterium provides further evidence for cyanobacteria being a frequent and plentiful source of these actin-binding dimeric metabolites of the swinholide family. The Journal of Organic Chemistry 
■ RESULTS AND DISCUSSION
Tufts of a marine cyanobacterium, morphologically identified as cf. Phormidium sp., were collected at approximately 2 m water depth near American Samoa in July 2014. The preserved collection was repetitively extracted (2:1 CH 2 Cl 2 /MeOH) and fractionated using normal-phase vacuum liquid chromatography (VLC) to obtain nine fractions (Fr. A−I). Fractions and the crude extract were screened for cytotoxicity to H-460 human lung cancer cells at 1 and 10 μg/mL. 17 While several fractions showed cytotoxicity at the higher concentration, only the two most polar fractions (H, I) were active at 1 μg/mL. By contrast, the extract and all fractions were inactive in a neuromodulatory assay that evaluated the ability of these materials to modulate intracellular calcium mobilization. 18 LC−MS/MS molecular networking techniques revealed a distinct cluster of 19 nodes in fractions H and I (Figure 2 and p S104 in the Supporting Information), none of which matched any GNPS MS 2 library standards. 16 Reversed-phase HPLC of these two fractions yielded nine new compounds, given the names samholides A−I (1−9, Figure 1 ) to reflect their geographical origins, and these were collectively responsible for the potent cytotoxicity of these fractions.
Samholide A (1) gave a sodiated molecular ion peak by HRESIMS spectrum at m/z 1880. 13 C NMR analysis of compound 1 showed four ester carbonyls with two each at δ C 170.7 and 170.64; the latter two reinforced the above assignments in that they were conjugated to two symmetrical dienes with carbon resonances at δ C 153.1, 142.9, 123.3, and 113.5. There were also two symmetrical isolated double bonds at δ C 133.9 and 129.7.
HSQC−TOCSY (Table 1) further enabled assignment of the 1 H and 13 C NMR data to two symmetrical pentose units with anomeric carbons at δ C 102.1 and four oxygenated carbons each at δ C 82.4, 73.2, 79.3, and 62.3. These NMR data were generally indicative of a swinholide-related polyketide structure possessing a sugar unit, and thus was of a structure class related to that of ankaraholide A which had been previously isolated from another cyanobacterium, Geitlerinema sp. collected in Madagascar. 8 The main differences in the NMR data between compound 1 and ankaraholide A were between C-16 and C-22, and C2 and C5, which nevertheless showed highly similar Δδ-values ranging from 0.8 to 1.4 ppm, relative to the average of 0.3 ppm for the remainder of the comparable carbon signals (Table S1 , Supporting Information). Considering the variability of the methyl groups at C-16 and C-20 in the known swinholides, 3 these differences between 1 and ankaraholide suggested that it might possess the uncommon 16-methyl-20-demethyl skeleton, a carbon framework only previously appearing in the partial monomer structure of swinholide G. 18 This speculation was supported by HMBC analysis that revealed that the long-range correlations from the methyl groups at C-16 and C-22 formed two distinct and nonoverlapping spin networks. Confirmation of this framework was obtained by COSY, HMBC, and HSQC-TOCSY experiments (Table 1 and Figures S9−S13, Supporting Information) which outlined a linear spin system decorated with secondary methyl and oxymethine groups and yielded a homodimeric structure possessing a 20,20′-didemethylswinholide A skeleton (Figure 3 ). Three additional carbon signals were observed in 1 compared to ankaraholide A and included one ester carbonyl group at δ C 170.7, one oxygenated methine at Figure 2 . MS/MS-based molecular network of the samholides. 16 The cosine level was adjusted to 0.7. Nodes display measured masses of the molecular ions. The yellow nodes are samholide analogues that were isolated and defined in the current study, whereas the green nodes are potential samholide
analogues not yet described due to the small amounts that were present. The size of the node is reflective of the relative amount of the indicated compounds.
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Featured Article δ C 72.4, and one oxygenated methylene at δ C 64.7. HMBC and COSY data clarified that these latter resonances and their associated protons were connected and formed a glyceric acid moiety. A neutral fragment ion loss of m/z 88 was observed in the MS/MS spectrum of 1, supporting the nature of this substituent. While the spin system of H-32 to H-36 for a pentapyranose sugar was apparent in compound 1, H-32 and H-33 were overlapped and thus introduced a degree of uncertainty. However, this was resolved by consideration of the HMBC network between these proton and carbon atoms (Table 1 and Figure 3 ). Moreover, this spin connectivity between H-32/H-33/H-34/H-35/ H 2 -36 was directly observed in the COSY spectrum of compound 3 ( Table 2 ). The large vicinal diaxial coupling constants between H-32, H-33, H-34, H-35, and Ha-36 (all between 6 and 9 Hz, Table 1 ) in 1 were indicative of the β-xylopyranoside unit, and this was further confirmed by ROESY correlations between H-32 and H-34 and Ha-36 ( Figure 4 and Figures S14 and S15). These xylose units were attached to C-7/7′ on the basis of reciprocal HMBC correlations between H-7/7′ and C-32/32′ and H32/32′ and C-7/7′. HMBC correlations between two OMe resonances at δ H 3.45 and 3.42 with carbons at δ C 82.4 and 79.3 were indicative of two di-O-methylxylopyranoside units, and by consideration of the 13 C NMR assignments for this sugar (Table 1) , these could be placed at C-34 and C-35. The glyceric acid moiety was connected through the oxygen atom at C-33 by HMBC correlation of H-33 with C-37.
All known swinholide-type compounds, irrespective of origin (sponge, cyanobacteria, algae, nudibranch), possess a highly analogous monomeric carbon skeleton as well as stereoconfigurations at comparable chiral centers ( Figure 5 ); this latter aspect has been confirmed in two cases by X-ray crystallographic analysis 7,9 as well as via total synthesis. 19−21 As a result, it has been proposed that these swinholide-type metabolites are produced by highly similar polyketide synthase-type biosynthetic gene clusters. 11 In the present case, similarities between the 1 H and
13
C NMR chemical shifts and coupling constants of the protons at the chiral centers of compound 1 and those of previously reported swinholides, as well as the ankaraholides, strongly suggest that they have the same configurations at comparable centers (Table 1 and Tables S1 and S2 , Supporting Information).
7, 8 With the relative configuration of the sugar units defined as above from coupling constant analysis, these could be related to the aglycone stereoconfiguration by several ROESY correlations. ROESY correlations of H-32/H-7 (H-32′/H-7′), 39-OH/H-5 (39′-OH/H-5′), 39-OH/H-3 (39′-OH/H-3′), 38-OH/H-2 (38′-OH/H-2′), 38-OH/H-21′ (38′-OH/H-21), and 38-OH/H-3 (38′-OH/H-3′), in combination with molecular modeling, revealed that the sugar unit must be of L configuration (Figure 4) . The configuration at C-38 (C-38′) was not discernible from these data, but given that all occurrences of glyceric acid in 26 cyanobacterial natural products are 2R, we predict samholide A to possess 38R (38′R) stereochemistry as well. Indeed, the glyceric acid unit configuration was rigorously established as D by chiral HPLC analysis of the acid hydrolysate of compound 5 in comparison with authentic standards. The geometry of the C-2-C-3 and C-4-C-5 double bonds were determined to both be E, the former by a characteristic 15.6 Hz J value between H-2 and H-3, and the latter from ROESY correlations between H-2 and the C-4 methyl group, H-3 and H-5, and H 2 -6 and the C-4 methyl group (Figure 4) . Thus, both the constitutive and stereostructure of samholide A (1) was established.
The molecular formula of samholide B (2) was identical to that of compound 1 by HRESIMS, and it had a very similar profile of 1 H and 13 C NMR shifts as well (Table 2 and 3 ). The main difference in the 1 H NMR of 2 was a different pattern of olefinic protons, including one that integrated for a single proton and was quite distinct from those in samholide A [δ H 6.51 (d, J = 12.6 Hz)]. Moreover, the C-4 and C-4′ vinyl methyl groups were present as two distinct signals, and a number of other resonances appeared "twinned". These data, along with a second proton ascribed to H-2′ that had the same large trans-type coupling as present in 1 (J H2′/H3′ = 15.6 Hz), along with ROESY correlations between H-2/H-3, H3/H-5, H-2′/4′-Me, and H-3′/H-5′, indicated that compound 2 was the C-2 double bond isomer of 1 with an overall heterodimeric structure. a1 H and 2D NMR spectra were run on a Bruker Advance III DRX-600 MHz NMR spectrometer.
b13
C NMR spectra were run on a Varian X-Sens 500 MHz NMR spectrometer (125 MHz). The data at the same atom position could be exchanged.
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Featured Article HRESIMS analysis of samholide C (3) indicated its molecular formula as C 90 H 152 O 28 , 176 mass units less than that of compound 1, and corresponded to the absence of both glyceric acid groups. This was consistent with the presence of a monomeric quasi-molecular ion peak at m/z 863.4 in the MS/MS spectrum of 3. The 1 H and 13 C NMR data of 3 were almost the same as those of 1, except that the glyceric acid signals were missing and the H-33/H33′ protons were shielded by 1.5 ppm.
Samholide D (4) had the same molecular formula as compound 3 from HRMS data. Similar to the relationship of compounds 1 and 2, the differences in its 1 H and 13 C NMR spectra were due to double-bond isomerization of the C-2-C-3 olefin in one-half of the dimer, as revealed by key chemical shift differences (e.g., δ H 5.69 for H-2, δ H 5.82 for H-2′) and twinning of many signals near this position of variance between the two monomeric halves. Thus, samholide D (4) was assigned as the C-2 double bond isomer of samholide C (3).
A molecular formula of C 93 H 156 O 31 was established for samholide E (5) from HRESIMS data, indicating that it was 88 amu less than that of compound 1. This was consistent with the loss of one of the two glyceric acid residues from samholide A. The presence of ions at m/z 951.5 and 863.5, which result from cleavage of the two ester bonds, further indicated the loss of a glyceric acid residue from one of the two monomeric units. This change resulted again in a subtle twinning of many signals in the 1 H and 13 C NMR of 5; for example, the H-3 and H-3′ protons of the conjugated diene differed by 0.05 ppm in chemical shift (δ H 7.57, d, J = 15.55 Hz, H-3; 7.52, d, J = 15.56 Hz, H-3′). Thus, samholide E (5) was assigned a structure identical to that of samholide A (1) but missing one of the two glyceric acid units.
Samholides F (6) and G (7) had the same molecular formula as that of samholide E (5), but differed in the Z and E geometry of the C-2−C-3 double bond in either the Western or Eastern halves of the dimer. For compound 6, there was evidence that the C-2−C-3 olefin was Z (δ H 6.52, d, J = 12.62 Hz, H-3, and δ H 7.44, d, J = 15.54 Hz, H-3′), whereas in compound 7 the C-2′-C-3′ olefin was Z (δ H 6.46, d, J = 12.69 Hz, H-3′, and δ H 7.47, d, J = 15.63 Hz, H-3), respectively. The sugar units, either with or without glyceric acid in the two monomeric halves of compound 6, were determined by key ROESY correlations between H-3 and H-5 (δ H 5.86, t, J = 7.00 Hz), H-5 and H-7 (δ H 4.00, m), and H-7 and H-32 (δ H 4.65, J = 6.77 Hz) ( Figures S69 and S70 Figures S63 and S64 , Supporting Information), and HMBC correlations between the C-4 Me group (1.86, s) with C-3 (δ C 148.7), C-4 (δ C 134.7) and C-5 (δ C 134.1), along with correlations between H-5 and C-7 (δ C 77.0), H-7 and C-32 (δ C 100.4), and H-32 and C-7 ( Figures S65 and S66 , Supporting Information), indicated that the glyceric acid residue was attached to the sugar unit located at C-7 of the 2Z,4E-monomeric structure. Further, lack of a glyceric acid residue in the 2E,4E-monomeric structure was shown by ROESY correlations between H-3′ and H-5′ (δ H 6.14, t, J = 6.87 Hz), H-5′ and H-7′ (δ H 3.97, m), and H-7′ and H-32′ (δ H 4.39, J = 6.72 Hz). This was also supported by COSY correlations of H-5′/H 2 -6′ (δ H 2.69, ddd, J = 4.38, 6.03, 11.73; 2.28, dt, J = 7.45, 15.12 Hz)/H-7′, together with HMBC correlations of the C-4′ Me group protons (1.81, s) with C-3′ (δ C 151.1), C-4′ (δ C 134.7) and C-5′ (δ C 138.5), the H-5′ proton with C-7′ (δ C 75.7), the H-7′ proton with C-32′ (δ C 102.1), and the H-32′ proton with C-7′. The combination of these NMR data thus confirmed the overall structural assignment for compound 6 as the 2Z double bond isomer of samholide E (5). Accordingly, a similar analysis for compound 7 revealed it to be the 2′Z double bond isomer of samholide E (5).
Samholide H (8) The molecular formula of samholide I (9) was determined as C 76 H 128 O 20 from HRESIMS data. MS/MS fragmentation gave a prominent ion at m/z 703.4, suggesting that 9 was an analogue of compound 1 but lacked both the xylose sugar and glyceryl groups. Accordingly, the 1 H NMR spectrum of compound 9 showed no sugar or glyceric acid signals, and the 2D NMR data set was fully consistent with the aglycone structure of samholide A (1) (see Supporting Information).
Because the samholides (1−9) are structurally similar to the highly cytotoxic swinholides, they were evaluated for activity against the H-460 human lung carcinoma cell line. All of the samholides showed significant activity with IC 50 values less than 1 μM (Table 4) , although it should be noted that these IC 50 values are all considerably higher than those for the original swinholides. 5 However, compound 9 (samholide I), which lacks both the glyceric acid and sugar units, showed the highest IC 50 of 0.9 μM, indicating that sugar and glyceryl moieties enhance the cytotoxicity of the samholides. Compound 2 with the 2Z double bond, showed reduced activity compared to 1; however, compounds 3 and 4 as well as 5 and 6, two pairs which also differ only in the 2E versus 2Z geometry, showed equivalently high potency (0.17−0.21 μM). Compound 7 with the 2′Z configuration, was also a highly potent compound (0.21 μM). Compound 8, which had a less methylated xylose sugar, was of lower potency in this assay. In summary, it appears that highest 
Featured Article potency among these analogs was obtained when the dimethoxylated xylose sugar was present, with or without glyceric acid residues attached.
The samholides (1−9) possess several notable structural features, including the uncommon 20-demethyl 44-membered lactone ring, methoxylated xylose sugar, and unusual glyceric acid moiety. The previously described swinholide compounds isolated from sponges and cyanobacteria have been remarkably consistent in the structures of their fundamental carbon skeleton, and structural diversity has been observed in the side chains, position of lactonization, and overall ring size. Previous variations in methyl appendages have only been observed at positions C-16 and C-20. The glyceric acid group, generally a rare structural feature in natural products, is relatively common in cyanobacterium-derived peptides. 23 However, the occurrence of such a residue in a polyketide such as the samholides, and as a substituent on a sugar unit, is quite unique.
In 1993, Carmeli et al. 24 found that tolytoxin was a polyketide assembled from a glycine starter unit and 15 acetate repeater units, and that the one-carbon branches originated from the tetrahydrofolate C l pool. Recently, Ueoka et al. 11 showed that the architecture of the cyanobacterial PKS megasynthase which produces scytophycin and related compounds was highly similar to the trans-AT PKS cluster responsible for misakinolide production by "Entotheonella sp.", a symbiont in the sponge Theonella swinhoei. Thus, the biosynthesis of the samholides most likely follows a similar PKS pathway for construction of the carbon chains but with extra sugar and glyceric acid units attached as novel substituents. 
■ CONCLUSIONS
The swinholide family of compounds has attracted much attention due to their intriguing structural, biosynthetic, and pharmacological features. In the present study, nine new swinholide-related compounds, samholides A−I (1−9), were obtained from an American Samoa field collection of the cyanobacterium cf. Phormidium sp. (Figure 6 ). A 20-demethyl 44-membered lactone ring distinguished these new compounds, with structural diversification occurring from geometrical isomerization of double bonds, presence of xylose sugar units with unique glyceric acid moieties, and varied O-methylations. The sugar and glyceric acid units appeared to enhance the relative potency of these agents in a cytotoxicity assay. Discovery of these additional representatives of the swinholide family from another cyanobacterium expands on the number of divergent species that contain this biosynthetic capacity and deepens questions concerning its evolutionary origins and history among the producing species of heterotrophic bacteria, cyanobacteria, and possibly additional sources.
■ EXPERIMENTAL METHODS
Optical rotation was measured on a Jasco P-2000 polarimeter. IR spectra were measured on a Thermo Electron Corp. Nicolet IR 100 FT-IR. UV/visual-light spectra were recorded on a Beckman Coulter DU 880 spectrophotometer.
1 H NMR and 2D NMR spectra were collected on a Bruker Avance III DRX-600 NMR with a 1.7 mm dual tune TCI cyroprobe (600 and 150 MHz for 1 H and 13 C NMR, respectively). 13 Cyanobacterial Collection and Taxonomy. The marine cyanobacterium cf. Phormidium sp. (voucher specimen available from W. H. G. as collection no. ASX22Jul14-1) was found growing in 1.0−2.0 m of water at Fagaalu Park in American Samoa, U.S. The sample was hand collected in July 2014, preserved in a 1:1 2-propanol−seawater solution, and stored in the laboratory at −20°C until extraction. Microscopic examination indicated that this collection was morphologically consistent with the genus Phormidium sp.
Extraction and Isolation. The preserved cyanobacterium was filtered through cheesecloth, and the biomass (101.7 g dry wt) was extracted repeatedly by soaking in 500 mL of 2:1 CH 2 Cl 2 /MeOH with warming (<30°C) for 30 min to afford 1.8 g of dried extract. A portion of the extract was fractionated by silica gel vacuum liquid chromatography (VLC) using a stepwise gradient solvent system of increasing polarity starting from 100% hexanes to 100% (5) 0.17 ± 0.01 samholide F (6) 0.17 ± 0.00 samholide G (7) 0.21 ± 0.01 samholide H (8) 0.47 ± 0.04 samholide I (9) 0.91 ± 0.05 doxorubicin 0.30 ± 0.02
a Cytotoxicity was assayed in triplicate, and doxorubicin was used as the positive control. 8 mg) . Fr. H3D was purified to yield compound 4 (0.3 mg) after reversed-phase HPLC using the same mobile condition. LC−MS Analysis and Molecular Networking Generation. The crude extract and fractions A−I were dissolved in MeOH and passed through a Bond Elut-C18 OH cartridge (Agilent Technologies, USA) that was prewashed with 3 mL of CH 3 CN. Subsequently, the Bond Elut-C18 OH cartridge was washed with 3 mL of CH 3 CN, the solvent dried under N 2 , and the residue dissolved in MeOH. A 0.020 mL aliquot of each sample was injected and analyzed via LC−MS/MS on a ThermoFinnigan Surveyor Autosampler-Plus/LC-MS/MS/PDA-Plus system coupled to a Thermo Finnigan LCQ Advantage Max mass spectrometer with a gradient of 30−100% CH 3 CN in water with 0.1% formic acid. The MS/MS spectra of the crude extract and nine fractions were used to generate a molecular network following previously described methodology and visualized using Cytoscape (www. cytoscape.org).
15 Algorithms assumed a cosine threshold set at 0.7 and nodes were color-coded according to the fractions from VLC isolation. Cytotoxicity Assay. Cytotoxicity to H-460 human lung carcinoma cells was measured as cell viability using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) reduction method. 17 Cells were cultured in Roswell Park Memorial Institute (RPMI) 1640 medium containing L-glutamine (Mediatech, Manassas, VA) and supplemented with 1 nM sodium pyruvate, 100 μg/mL streptomycin, 100 units penicillin, 0.15% sodium bicarbonate, and 10% fetal bovine serum (FBS) at 37°C, 5% CO 2 . Cells were seeded in 96-well plates at 6660 cells/well in 180 μL. After 24 h, samholides A−I (1−9) were dissolved in DMSO at 1 mg/mL. The dose−response assays used 20 uL of this DMSO stock and were diluted with 180 μL of RPMI-1640 medium (without fetal bovine serum) to 100 μg/mL followed by nine serial 25 μL:54 μL (logarithmic scale) dilutions with RPMI-1640. Subsequently, 20 μL/well of all 10 mixtures were added to cells in duplicate, resulting in a final maximal DMSO concentration of 1%. Equal volumes of RPMI-1640 medium were added to 10 wells designated as negative controls for each plate. After 48 h, the medium was removed by aspiration and cell viability determined by MTT staining. All assays were validated using doxorubicin at 1.0 and 0.1 μg/mL as the positive control. OD values were measured on ThermoElectron Multiskan Ascent plate reader at 570 and 630 nm. Dose−response graphs were generated using GraphPad Prism (GraphPad Software Inc., San Diego, CA) for IC 50 values determination. 
